e investigated the outcome of deep-vein thrombosis (DVT) in the calf after total knee arthroplasty (TKA) in 48 patients (45 women and three men) by clinical assessment and venographic study between three and four years after surgery. The mean age of the patients was 67.2 ± 7.7 years (52 to 85) and the mean follow-up was 42.6 ± 2.7 months (38 to 48). The diagnosis was osteoarthritis in 47 patients and rheumatoid arthritis in one patient. There were 44 calf thrombi, four popliteal thrombi but no thrombi in the femoral or iliac regions. Of the 48 patients, 24 were clinically symptomatic and 24 were asymptomatic. 
e investigated the outcome of deep-vein thrombosis (DVT) in the calf after total knee arthroplasty (TKA) in 48 patients (45 women and three men) by clinical assessment and venographic study between three and four years after surgery. The mean age of the patients was 67.2 ± 7.7 years (52 to 85) and the mean follow-up was 42.6 ± 2.7 months (38 to 48). The diagnosis was osteoarthritis in 47 patients and rheumatoid arthritis in one patient. There were 44 calf thrombi, four popliteal thrombi but no thrombi in the femoral or iliac regions. Of the 48 patients, 24 were clinically symptomatic and 24 were asymptomatic. Clinical examination was carried out on 41 patients, of whom 37 underwent ascending venography. Seven were evaluated by telephone interview.
No patient had the symptoms or signs of recurrent DVT, venous insufficiency in the affected leg, or a history of pulmonary embolism. No patient had been treated for complications of their DVT. Thirty-six of the 37 venographic studies were negative for either old or new DVT in the affected leg. One patient had residual thrombi in the muscular branches of the veins.
Our study shows that deep-vein thromboses in the calf after TKA disappear spontaneously with time. No patient developed a recurrent DVT, proximal propagation or embolisation. Treatment of DVT in the calf after TKA should be based on the severity of the symptoms during the immediate postoperative period.
W
Deep-vein thrombosis (DVT) after total knee arthroplasty (TKA) is common. Many studies have reported that a large thrombus proximal to the knee poses a higher risk of pulmonary embolism. [1] [2] [3] [4] [5] [6] [7] [8] Others have shown that all thrombi can propagate into or above the popliteal vein despite early anticoagulation therapy and have recommended that prophylaxis should be targeted at the intraoperative and immediate postoperative periods. 9 The importance of DVT in the calf, however, is poorly understood and the treatment is controversial. Some studies have reported that the risks of treatment may be greater than those of the thrombosis itself.
2,3,10 The incidence of DVT after TKA is 84% in unprotected patients and may be as high as 68% in patients who receive prophylaxis for DVT. 7 There is controversy as to which pharmacological agent or form of mechanical prophylaxis should be used. Consequently, many issues concerning DVT are poorly understood, especially the duration of prophylaxis and the outcome of DVT in the calf. Our aim was to investigate the outcome of DVT in the calf after TKA between three and four years after surgery.
Patients and Methods
In 1998 and 1999, a prospective clinical study with ascending venography was conducted at our institution in order to determine the incidence of DVT after TKA. The results showed that 55 (55 knees) of 102 (105 knees) patients had positive venographic findings for DVT, an incidence of 53%. Fifty-one (93%) of the thrombi were in the calf veins, four (7%) in the popliteal vein, and none in the femoral or iliac veins. There were no pulmonary emboli.
Our study was designed to assess the outcome of these thrombi between three and four years later. Seven patients were excluded; two had died from unrelated causes and five were lost to follow-up. The remaining 48 were available for assessment. There were 45 women and three men with a mean age of 67.2 ± 7.7 years (52 to 85). Their mean bodyweight was 63.5 ± 8.4 kg (46 to 80.9), and their mean height was 150.6 ± 4.9 cm (138 to 162). In 47 patients, the diagnosis was osteoarthritis and in one, rheumatoid arthritis. No DVT prophylaxis had been used at the time of operation. There were 44 DVTs in the calf veins, including the anterior and posterior tibial veins, the peroneal veins and muscular branches, four in the popliteal vein but none in the femoral or iliac veins. There were no pulmonary emboli. Of the 48 patients, 24 were clinically symptomatic, and 24 were asymptomatic. The severity of the DVT was graded clinically as mild, moderate or severe. This grading was based on the degree of pain and swelling of the leg, tenderness of the calf, discoloration of the skin, enlargement of the circumference of the calf and thigh, Homan's sign and pyrexia. Of the 24 symptomatic patients, four were graded as severe and were treated with intravenous heparin (25000 units/day) for between three and five days until their symptoms improved. Thereafter they received aspirin (325 mg twice daily) for between eight and 12 weeks until their symptoms subsided. The remaining 20 patients developed mild to moderate symptoms and were treated with low-molecularweight heparin (fraxiparine) for between three and seven days and then an analgesic, such as acetaminophen or codeine, for between eight and 12 weeks. The 24 patients with an asymptomatic DVT received no specific medication other than analgesics for TKA. All patients were reviewed regularly.
Of the 48 patients, 41 were examined clinically and seven were interviewed by telephone. The mean follow-up was 42.5 ± 2.7 months (38 to 48). For most patients, the symptoms and signs of DVT subsided between three and six months after surgery. No patient developed a recurrent DVT and no patient had been treated for symptoms relating to the DVT in the affected leg. Ascending venography was carried out in the affected leg of 37 patients, and four refused venography. Two orthopaedic radiologists (C-CH and P-CY) who were blinded to the study interpreted the venographic results.
Results
Six of the seven patients who were interviewed by telephone reported that the TKA was functioning well and there was no recurrent pain or swelling of the legs. One patient, with a history of chronic congestive heart failure, reported intermittent swelling of the legs after exercise. There was no pain or tenderness. Of the 41 patients who were examined clinically, five had had intermittent, mild, bilateral oedema and tenderness of the calf after exercise. These symptoms subsided completely within three to six months. Five patients with varicose veins showed no evidence of phlebitis. No patient had had symptoms or signs suggestive of a further DVT in the affected leg, or of pulmonary embolism.
Ascending venography was carried out in the affected legs of 37 patients, 36 of these were negative for either a new or old DVT (Fig. 1) . One patient had residual thrombi in the muscular branches (Fig. 2) . The DVTs which had been demonstrated in the initial venography included 33 in the calf and four in the popliteal veins. These were not found in the follow-up venographic studies. There was no patient with proximal propagation or embolisation, including pulmonary embolism. It thus appeared that DVTs in the calf after TKA resorb spontaneously without recurring and without associated pulmonary embolism.
Discussion
DVT is common after TKA and may cause catastrophic complications, including fatal pulmonary embolism. 11 However, not all DVTs result in pulmonary embolism. Most studies report that patients with a proximal DVT are at a higher risk of pulmonary embolism, 2,5,6,17 although the clinical significance of a DVT in the calf remains controversial.
1,4,6,9,10,13,14,17,18 Many studies have reported that some form of prophylaxis, including anticoagulation therapy with low-molecular-weight heparin in the early postoperative period, has been effective in reducing the incidence of DVT. None has shown an ability totally to prevent a DVT.
1,3,7-9,19-24 Some forms of DVT may carry a lower risk of pulmonary embolism. Identification of this patient population may provide guidelines for selecting which patients should be exposed to the risks of anticoagulation therapy. 6, 17 The incidence of DVT, as shown on venography after TKA in an Asian population, is similar to that of a Western population. 14, 15, 19, [25] [26] [27] [28] However, there are differences. Reports have shown that the rate of proximal DVT in the Asian population is very low (4.4%) without pulmonary embolism. 27 There may, therefore, be an inherent difference between Asian and Western populations, although current data are insufficient to reach a conclusion.
Several studies from Western countries have reported conflicting opinions on the significance of a calf DVT and its relationship to pulmonary embolism. 2, 4, 5, 12, 29, 30 It has been reported that local haemodynamic alterations resulting from undertaking a TKA create an environment which is conducive to the development of an acute DVT. All thromboses, especially those over 5 mm in size can propagate into, or beyond, the popliteal vein and potential cause of pulmonary embolism. 9, 17, 18 Some studies have reported that calf DVTs are associated with a higher rate of fatal emboli, 2,5 although others have shown a low incidence of pulmonary embolism associated with a calf DVT after TKA. 4, 12, 29, 30 It has also been said that thrombi in the calf are securely attached and may resolve spontaneously, and also they are too small to cause symptoms if they embolise. 6, 12, 17 The results of our current study support the view that DVTs in the calf in an Asian population dissolve spontaneously with time. No proximal propagation or embolisation was seen. Our study does not show the fate of a proximal DVT because none of our patients had a proximal DVT in either the femoral or iliac vein. Many studies have reported that patients with a prior history of DVT are at an increased risk of developing a recurrence. 3, 4, 7, 8, 17, 23, [29] [30] [31] Other studies have also reported an association between DVT and risk factors such as age, gender, obesity, varicosities, hypertension, immobilisation, tourniquet time and the use of bone cement. 13, 24, 27 However, the data presented in this study did not show an association between recurrent DVT and such risk factors after between three and four years.
In conclusion, a DVT in the calf after TKA can resorb spontaneously with time. We observed neither proximal propagation nor embolisation. The treatment of a symptomatic DVT in the calf should be based upon the severity of the symptoms at the time of presentation in the early postoperative period.
No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article. Ascending venography of the left leg in a 71-year-old woman performed six days after TKA. Multiple deepvein thrombi in the anterior and posterior tibial and peroneal veins, and the muscular branches can be seen (Fig. 2a,  arrows) . The leg was swollen and tender. Venography of the same leg undertaken 28 months after TKA showed residual thrombi in the muscular tranches, but no DVT in the anterior and posterior tibial and the peroneal veins (Fig. 2b) . There was neither pain nor swelling.
